The paper will deal with new developments on basis of the ideas, laid down in AS-ME paper 90-GT-180, presented at the Brussels Conference. In this former paper a combination of incinerators and cogen systems was described. New development show, that some of these ideas can also be used in cogen plants, in which all steam is raised and superheated in a waste heat boiler behind a high grade fuel fired gas turbine (natural gas or equivalent). This paper will deal give a description of the new system. A comparison will be made with conventional cogen systems, comprising of a gas turbine, a dual pressure non-fired waste heat boiler and a condensing steam turbine. On basis of a particular case study both the technical and financial performances will be compared with each other.
INTRODUCTION
A well known fact in the design of a combined cycle plant with non-fired waste heat boiler is that, especially in single pressure waste heat boilers the stack temperature is quite high compared with the boiler feed water temperature. A typical so-called Q-T diagram is given in Fig. 1 . This diagram is derived for a single pressure waste heat boiler, generating steam at 40 bar/440 °C. On the horizontal axis the heat transferred from the flue gas to the steam/water cycle is shown, while on the vertical line the temperatures of both the flue gas and the steam/water are shown. From left to right the superheater, the evaporator and the economizer are represented.
From the graph we see the flue gas line and the economizer-line diverge. In this particular case the stack temperature of the waste heat boiler is 228 °C with a boiler feed water of 105 °C. Calculations show that when the boiler inlet temperature is raised (by means of supplementary firing) to about 700 °C both the flue gas line and the economizer-line will become parallel to each other. Supplementary firing however will decrease the overall plant efficiency for following reasons. The combined cycle efficiency varies between 40-50%, while the efficiency of the steam cycle varies between 25-30% (based on the exhaust heat of the gas turbine). So the application of supplementary firing is unsuitable to reduce the stack temperature and thus the overall plant efficiency.
Q-T DIAGRAM for a single pressure HRSG
Some of the exhaust losses of the waste heat boiler can be recovered if this heat is used to preheat the return condensate from the condenser to the deaerator. This means the difference between exhaust temperature of the waste heat boiler and boiler feed water will only increase, since this additional heat recovery does not influence the slopes of the flue gas and economizer lines in the QT-diagram. 
Fig.2 Schematic of a combined cycle plant
In the next paragraph it will be explained how the efficiency of a combined cycle can be improved.
PROCESS DESCRIPTION
In Fig. 2 a schematic of a combined cycle plant is shown. In this schematic the major typical process data are shown as well. This schematic is derived from an actual plant on which the case study in this paper is based. Since steam has to be supplied at 12 bar(a) pressure the plant steam is extracted from the steam turbine rather than from the LP-drum with augmentation from extraction steam. As the reader may recognize the plant is a combined cycle installation with a dual-pressure waste heat boiler.
When designing a combined cycle plant the selection of both the HP-and LP-steam conditions should be optimized. The higher the steam pressure is the higher will be the theoretical efficiency of the steam cycle (based on the amount of steam produced). On the other hand the amount of steam produced in the waste heat boiler will decrease when the steam pressure is raised. Also the isentropic efficiency of the steam turbine, especially for small and medium size combined cycle installations, will be lower for higher steam pressures. The smaller steam inlet volume into the steam turbine causes then that the tip losses become relatively more important. This phenomenon is similar to the situation with gas turbines. Calculations have shown that the optimum HP-steam conditions for this type of plant, based on a single LM2500 gas turbine, are about 40 bar/450 C. For the low pressure section the optimum steam conditions are about 4 bar/200 °C.
Since the plant steam should be supplied at nearly saturation conditions a desuperheater is provided. In order to achieve a NO x --e m i s s i o n l e v e l o f 6 5 g / G J o f g a s t u r b i n e f uel input steam is injected into the combustors of the gas turbine.
The comparative case study in this paper considers not only the General Electric LM2500 gas turbine, but also the GT10 gas turbine of ABB and the FT8 gas turbine of Pratt & Whitney. The GT10 gas turbine uses dry liner technology for NO x-emission abatement while the FT8 gas turbine features for the time being only water injection. The effects of the different NOx -emission abatement techniques have been taken into consideration with the plant performance calculations.
In the former paragraph it was shown that in the QT-diagram the flue gas and economizer lines have different slopes. The application of a dual pressure waste heat boiler can only reduce this effect.
In Fig. 3 an alternative solution is shown to improve the overall plant efficiency. The boiler itself is executed as a single pressure waste heat boiler, which greatly simplifies the waste heat boiler 
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Fig.3 Schematic of the new system
In deviation of the schematic in Fig. 2 the flow through the economizer is now not only dictated by the amount of steam produced in the HP-evaporator. In the line between the outlet of the economizer and the boiler drum the boiler feed water control valve is located. This valve position is controlled by the (conventional) drum level control.
The surplus of the flow through the economizer is directed to the 1 st stage flash vessel. A second control valve is located in this line. The position of this valve is controlled by a fixed temperature difference between the drum temperature and the outlet temperature of the economizer. From calculations it revealed that the flue gas temperature remains nearly constant after the economizer, when the steam turbine is operated under the fixed pressure control mode. When the sliding pressure control mode is selected it is expected that the temperature after the economizer will even decrease. This in contrary to a conventional combined cycle plant, where the boiler exhaust temperature normally increases when the gas turbine is operated in part load.
In the first stage flash vessel the steam water mixture, formed in the throttle valve, is disengaged into saturated steam and hot water. The steam is admitted into the steam turbine while the hot water flows to the second stage flash vessel.
The process is repeated in this flash vessel. Since the pressure in this flash vessel is equal to the process steam pressure this steam can preferably flow directly to the plant steam grid. At a low steam demand this steam is admitted into the steam turbine, while at high steam demand additional steam is extracted from the steam turbine.
In the case study in the next paragraph three gas turbine were selected for comparison with each other. The objective for the total maximum plant output (at nil plant steam supply) is 30-35 MW e . The gas turbines are:
1.
The General Electric LM2500 gas turbine.
2.
The ABB GT10 gas turbine.
3.
The Pratt & Whitney FT8 gas turbine.
The first 2 gas turbines have an exhaust temperature in excess of 500 °C, so a steam turbine inlet temperature of 480 °C is possible. For the FT8 gas turbine the exhaust temperature is only 440 °C. In this case the steam temperature had to be limited to 400 oc
In the beginning of this paragraph it was demonstrated that there are optimum steam conditions for the HP-and LP-steam conditions in event of a dual pressure combined cycle installation. Calculations have shown that for the new system the only constraint for the HP-steam pressure is the final mois- Table 1 For the time being the alternative of sup9r4eating of the flash steam as described in Lli. It is however expected that this feature will allow a higher steam pressure and thus a somewhat better overall plant efficiency.
A further advantage of the new system is its lower sensitivity to boiler feed water quality. Although not shown on the schematic the blow-down out of the boiler drum can be discharged to the first stage flash vessel. The actual plant blow-down can now be located e.g. at the drain of the last flash vessel or even in the plant condenser. So the blow-down will cause only marginal losses and therefor a higher blow-down percentage and thus lower make-up costs because of the reduced quality requirements are possible.
In Fig. 3 the preheating of the condensate is done directly with the flue gases, while in Fig. 2 condensate preheating is done indirectly by means of a heat exchanger. In principle both systems are equivalent to each other.
A CASE STUDY
General
A comparison has been made for an industrial cogeneration project between a conventional dual pressure system combined cycle A detailed off-design computer analysis has been performed on overall plant performances for both the conventional and for the new system. As a result of these computations the difference in plant output is shown in Fig. 5 , while in Fig. 6 the decrease in plant heat rate is shown, both as a function of the net steam supplied to the process steam system. 
DIFFERENCE IN NET PLANT OUTPUT
Net steam supplied [t/h]
LM2500 --GT-10 -FT8
Fig.5
Comparison of Performances On basis of following assumptions the annual plant performances were computed:
Plant availability of 95%
2.
During 500 hours per year the plant is operated as a peak shaver. Then the process steam is supplied by the auxiliary plant boilers. The major results of these calculations are shown in Table 2 : The influence of the new system on the overall performances of the plant are not very important, but much bigger relative differences can be demonstrated, if we consider only the system of waste heat boiler and steam turbine. The reader should take into consideration that with a combined cycle installation the gas turbine contributes for 65-75% to the total plant output (at nil steam supply).
From Table 3 below we see that the maximum power of the steam turbine increases with roughly 10%, and the average power with 15-20%. Only in the case of the FT8 gas turbine the improvements are much less because of the low possible steam pressure. 
Financial Analysis
A financial analysis was performed for both the conventional and the new system on basis of the mid 1991 energy prices in The Netherlands. The following parameters were computed:
1.
The gross plant investment. No subsidies were taken into account.
2.
The annual net revenues, defined as the difference in costs between separate and combined generation of power and heat, but excluding capital charges.
3.
The Simple Pay-Out Time (SPOT), defined as the gross plant investment, divided by the annual net revenues.
4.
The Net Present Value (NPV), based on all annual cash flows from the start of the project implementation until the end of commercial operation. A construction period of 24 months, a period of commercial operation of 15 years and an interest rate of 8% have been assumed.
5.
The Internal Rate of Return (IRR), being the discount interest rate at which the NPV becomes nil.
All amounts are expressed in Dutch Guilders. For easy reference an exchange rate of US$ 1,00 = f 2,00 may be assumed. The results are shown in Table 4 : An analysis has been performed on basis of the incremental investment and the incremental net revenues as well. The results are shown in Table 5 
Turbine LM2500 GT-10 FT8
The results are shown in 
45.6% Environmental Aspects
The only disadvantage of the new system is that mainly because of the economizer the total heating surface is 50-70% greater, but its effects on boiler• price are largely offset by its simple construction (small bore tubing, less cross over piping, no facilities for circulation, moderate operating conditions etc.). An economizer is a relative cheap part of the boiler.
From the case study we learned that the additional revenues compared with the additional investment is worthwhile. The FT8 gas turbine gave however less improvement to the performances, mainly because of its low exhaust temperature thus causing a low live steam pressure to be selected. It is however not investigated yet if superheating of at least the first stage flash steam can improve the situation.
